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LASER DISTANCE MEASURING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a laser distance
measuring apparatus which splits a laser beam into two parts,
one directed to a reflective mirror (corner cube) mounted on
an object to be measured and the other to a fixed reference
corner cube, causing the two parts reflected back from the
respective corner cubes to interfere with each other, and then
measures the distance of movement relative to the object by
counting the number of resulting interference fringes which
change as the amount of the relative movement changes.
More specifically, the invention relates to a laser distance
measuring apparatus that measures errors in the amount of
movement in each moving axis direction of a numerically
controlled (NC) machine tool, as defined in ISO 230-2, JIS-
B-6201-1990, etc.

BACKGROUND ART

[0002] Test items and test methods for evaluating the accu-
racy of NC machine tools are defined in ISO 230-2, JIS-B-
6201-1990, and other standards. The test items defined in
such standards include errors in the amount of movement in
each moving axis as well as backlash, yawing, etc. As a test
method for determining errors in the amount of movement in
each moving axis, for example, a method is defined that
performs operations of moving incrementally by a prescribed
amount along each moving axis direction, and then moving
back incrementally by the same amount in the opposite direc-
tion, and then calculates the maximum value or the root-
mean-square value of the errors at the respective moving
points.

[0003] For the measurements of the test items such as
described above, conventional contact-type gauges or mag-
netic scales may be used, however, laser distance measuring
apparatus are more commonly used. FIG. 1 is a diagram
showing an example of a prior art arrangement for measuring
the accuracy of an NC machine tool (machining center) by
using a laser distance measuring apparatus. As shown in FI1G.
1, machine tool 91 comprises a machining tool section 92 for
holding and driving a machining tool, a workpiece table 93 on
which a workpiece is placed, and an NC controller 97 for
controlling them. Machining tool section 92 is movable up
and down (in the Z-axis direction), and workpiece table 93 is
movable in two orthogonal directions in a plane perpendicu-
lar to the Z-axis direction; their movements are controlled by
NC controller 97.

[0004] Inthe measurement of errors in the amount of move-
ment and backlash as defined in ISO 230-2 and JIS-B-6201-
1990, the actual movement amount is measured when an
instruction is entered from the NC controller 97 to move in
each axis direction by a prescribed amount. The illustrated
example shows a case in which errors in the amount of move-
ment and backlash in the direction indicated by arrow (X-axis
direction) are measured; first, a laser light source 3 is setup so
that the optical axis of the laser light emitted from laser light
source 3 coincides with the X-axis direction. Next, an inter-
ference optical unit 100 constituting a part of the laser gauge
interferometer is attached to the tip of machining tool section
92 so that the laser light enters the unit, and a reflective mirror
(corner cube) 17 is mounted at an edge of workpiece table 93.
[0005] FIG. 2 is a diagram showing the configuration of
interference optical unit 13. Laser light source 3 is a laser light
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source having good coherence (i.e., a long coherence length)
such as a He—Ne laser, and the laser light emitted from it is
split by a polarization beam splitter 131 into two laser beams.
Here, polarization beam splitter 131 is set up with its optical
axis oriented at 45 degrees relative to the plane of polarization
of the incident laser light. In this case, the laser light trans-
mitted through polarization beam splitter 131 is called P
polarization, while the laser light reflected by polarization
beam splitter 131 is called S polarization, the planes of the P
and S polarizations being oriented at right angels to each
other.

[0006] Onelaser beam (P polarization) is directed to corner
cube 17 mounted on an edge of workpiece table 93, where the
laser beam is reflected back in the reverse direction toward
polarization beam splitter 131. The other laser beam (S polar-
ization) is directed to a reference corner cube 132 provided in
interference optical unit 100, where the laser beam is reflected
back in the reverse direction toward polarization beam splitter
131. The laser beam reflected by corner cube 17 and entering
polarization beam splitter 131 and the laser beam reflected by
reference corner cube 132 and entering polarization beam
splitter 131 overlap each other at polarization beam splitter
131, and the emergent light passes through a polarizer 138
and enters a light detector 133.

[0007] Thetwo beams interfere with each other, forming an
interference fringe whose intensity is greatest when the path-
length difference between the two beams is an integral mul-
tiple of the laser beam wavelength and the smallest when the
path-length difference is an integral multiple plus one-half of
the wavelength. As a result, as workpiece table 93, and hence
corner cube 17 mounted on an edge thereof, moves in a
relative fashion, the output intensity of light detector 133
changes cyclically. More specifically, when corner cube 17
moves in a relative fashion by an amount equivalent to one-
half of the wavelength, a path-length difference equal to one
wavelength occurs in a round trip, the moving distance of
corner cube 17, i.e., workpiece table 93, is given by one-half
of the wavelength multiplied by the number of cycles in
which the output intensity of light detector 133 changes.
[0008] The output signal of light detector 133 is amplified
by an amplifier 134, and the amplified signal is compared in
a comparator 135 with an intermediate level of the output
signal and converted into a binary signal which is counted by
a counter 136. A measurement value calculating unit 137
calculates the distance of movement from the value of counter
136.

[0009] Test items and test methods for evaluating the accu-
racy of NC machine tools are defined in ISO 230-2, JIS-B-
6201-1990, and other standards, and errors in the amount of
movement in each moving axis direction defined in such
standards are usually measured using a laser distance mea-
suring apparatus. In the prior art, after attaching the interfer-
ence unit shown in FIG. 2 to the machine tool, the external
laser light source is set up so that the laser light enters the
interference unit; then, the reflective mirror (corner cube) is
mounted on the workpiece table of the machine tool, and the
moving distance of the table is measured. However, not only
does it involve laborious procedures to set up the laser light
source so that the laser light enters the interference unit in
parallel to each moving axis, but there are also cases where
such a setting is not possible. Japanese Utility Model Regis-
tration No. 2517929 proposes a separate-type laser interfer-
ometer that greatly enhances the freedom of setting by using
an optical fiber to transmit the laser beam from the laser light
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source to the interference optical unit, and the above problem
can be solved by using such a separate-type laser interferom-
eter.

[0010] However, machine tools usually have three moving
axes, and errors in the amount of movement must be mea-
sured for all the moving axes. As aresult, when measurements
along one moving axis are completed, the orientation of the
interference unit and the position of the corner cube must be
changed so as to make measurements along another moving
axis, resulting in a problem that adjustment work is laborious
and time consuming. To solve this problem, the Applicant
discloses in Japanese Unexamined Patent Publication No.
H09-243322 a laser interferometer that can be switched to
emit a measuring laser beam in a selected one of three direc-
tions oriented orthogonal to each other.

DISCLOSURE OF THE INVENTION

[0011] In this way, when measuring the moving distances
in the three orthogonal axis directions by using a laser inter-
ferometer, it has been practiced in the prior art to measure the
positioning of each axis of the machine tool, etc., by using a
measuring head that can switch the emitting direction of the
measuring beam between the three orthogonal axis direc-
tions. In this case, the beam emitting direction must be
adjusted so that the beam to be emitted from the measuring
head in any one of the three orthogonal axis directions is
orthogonal to the other two axis directions.

[0012] To accomplish the adjustment, a wedge prism pro-
vided for each emitting beam has been adjusted, for example,
by selecting three combinations of two of the three orthogonal
axis beams and by bending the optical axis of one of the two
beams through 90 degrees by means of a penta prism so that
the optical axis becomes parallel to the optical axis of the
other beam.

[0013] However, the laser interferometer shown in Japa-
nese Utility Model Registration No. 2517929 is constructed
so that, of the beams to be emitted in the three orthogonal axis
directions, only the beam to be emitted in the measuring
direction is emitted from the interference optical unit, and the
beams to be emitted in any two axis directions cannot exit
simultaneously, which makes the above adjustment difficult
to accomplish. As a result, there has been the possibility that
the adjustment of the orthogonality may not be accomplished
properly.

[0014] Inview of the above problem associated with a laser
interferometer that emits the measuring laser beam in three
orthogonal axis directions and measures the amounts of rela-
tive movements in the three axis directions, it is an object of
the present invention to provide a laser interferometer that can
easily adjust the orthogonality between the three orthogonal
axis directions.

[0015] To achieve the above object, a laser distance mea-
suring apparatus as a laser interferometer according to the
present invention splits a laser beam into a measuring beam
directed to a measuring reflective unit and a reference beam,
generates interference light through interference between the
measuring beam returned by reflection and the reference
beam, and measures the distance of movement relative to the
measuring reflective unit by counting changes in interference
fringes formed by the interference light, wherein among three
orthogonal directions in which the measuring beam is emit-
ted, the measuring beam is constantly emitted at least in one
axis direction.
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[0016] As described above, the orthogonality between the
three axis measuring beams is adjusted by combining two
axis measuring beams and in this case, since the measuring
beam is constantly emitted in one axis direction, the orthogo-
nality can be adjusted easily and accurately.

[0017] For example, when one of the three axis measuring
beams is constantly emitted, since two axis beams are always
present in two of the three combinations of the two axis
measuring beams, the adjustment can be accomplished easily
and accurately. When two of the three axis measuring beams
are constantly emitted, since two axis beams are always
present, the adjustment can be accomplished easily and accu-
rately.

[0018] To achieve this, the laser distance measuring appa-
ratus according to the present invention comprises: a first
beam splitter which splits the laser beam into a first beam and
a second beam; a second beam splitter which splits the second
beam into a third beam and a fourth beam, and which causes
reflected beams, produced by reflection of the third and fourth
beams and incident from reverse directions to the directions
of the third and fourth beams, to exit in a reverse direction to
the direction of the second beam; a first reference reflective
unit which, when either one of the third and fourth beams is
emitted as the measuring beam, moves into a light path ofthe
first beam and reflects the first beam incident thereon into the
direction ofincidence, thereby producing the reference beam;
a second reference reflective unit which, when the first beam
is emitted as the measuring beam, moves into a light path of
the third beam and reflects the third beam incident thereon
into the direction of incidence, thereby producing the refer-
ence beam; a beam selecting unit which, from among the
reflected beams produced by reflection of the third and fourth
beams and caused to exit the second beam splitter in the
reverse direction to the direction of the second beam, selects
a beam to be combined in the first beam splitter with a
reflected beam produced by reflection of the first beam and
incident on the first beam splitter from a reverse direction to
the direction of'the first beam; and a light detecting unit which
generates an electrical signal that matches the interference
fringes formed by the interference light that is generated
through interference between the beam selected by the beam
selecting unit and the reflected beam produced by reflection
of'the first beam, wherein the first, third, and fourth beams are
each emitted as the measuring beam in a corresponding one of
the three axis directions, and of these beams, the fourth beam
is constantly emitted.

[0019] The beam selecting unit may be implemented as a
second polarization adjusting unit that can be switched so that
the direction of polarization of each of the reflected beams
caused to exit the second beam splitter in the reverse direction
to the direction of the second beam is rotated or not rotated
through 90 degrees. In this case, polarization beam splitters
are provided as the first and second beam splitters, and a first
polarization adjusting unit for rotating the direction of polar-
ization of the second beam through 45 degrees is provided
between these beam splitters.

[0020] The second polarization adjusting unit may be con-
structed as a half-wave plate movable between a position
located in a light path and a position that does not block the
light path, or as an electro-optical device, such as a liquid
crystal optical device, that can be switched so that the laser
beam passing therethrough is rotated or not rotated through
90 degrees, depending on an applied voltage.
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[0021] Alternatively, the beam selecting unit may be imple-
mented as a polarizing unit which is provided in the light path
of the reflected beams produced by reflection of the third and
fourth beams and caused to caused to exit the second beam
splitter in the reverse direction to the direction of the second
beam, and whose direction of polarization is changed so as to
allow only a selected one of the reflected beams to pass
therethrough. In this case, the second beam splitter is con-
structed as a polarization beam splitter.

[0022] Thepolarizing unit may be constructed as a plurality
of polarizers having different directions of polarization and
movable, one at a time, into the light path, or as a polarizer
whose direction of polarization can be changed by rotating
about the light path as a rotation axis; alternatively, the polar-
izing unit may be constructed as an electro-optical device,
such as a liquid crystal optical device, whose direction of
polarization can be changed according to an applied voltage.
[0023] The above and other objects and features of the
present invention will become clearer from the following
description of the preferred embodiments given with refer-
ence to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 is a diagram showing an example of a prior
art setup for measuring errors in movement in the moving
direction of an NC machine tool.

[0025] FIG. 2 is a diagram showing the configuration of a
prior art interference optical unit.

[0026] FIG. 3 is a block diagram showing a laser interfer-
ometer according to an embodiment of the present invention.
[0027] FIG. 4 is a diagram showing the configuration of an
optical interference unit shown in FIG. 3.

[0028] FIG. 5 is a diagram showing the configuration of a
receiver unit shown in FIG. 3.

[0029] FIG. 6 is a diagram for explaining the operation of
the optical interference unit when measuring the distance in a
first axis direction.

[0030] FIG. 7 is a diagram for explaining the operation of
the optical interference unit when measuring the distance in a
second axis direction.

[0031] FIG. 8 is a diagram for explaining the operation of
the optical interference unit when measuring the distance in a
third axis direction.

[0032] FIG.9is a diagram for explaining how the orthogo-
nality between the three axes is adjusted using wedge prisms.
[0033] FIG.10is adiagram for explaining how the orthogo-
nality between first axis beam .1 and third axis beam L3 is
adjusted.

[0034] FIG.11is a diagram for explaining how the orthogo-
nality between second axis beam [.2 and third axis beam L3 is
adjusted.

[0035] FIG. 12 is a diagram (part 1) for explaining how the
orthogonality between first axis beam .1 and second axis
beam L2 is adjusted.

[0036] FIG. 13 is a diagram (part 2) for explaining how the
orthogonality between first axis beam .1 and second axis
beam L2 is adjusted.

[0037] FIG. 14 is a diagram showing the configuration of a
beam selecting unit according to a second embodiment.
[0038] FIG.15A is a diagram showing the configuration of
a beam selecting unit according to a third embodiment.
[0039] FIG. 15B is a diagram showing the configuration of
a beam selecting unit according to a fourth embodiment.
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[0040] FIG. 15C is a diagram showing the configuration of
a beam selecting unit according to a fifth embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0041] The embodiments of the present invention will be
described below with reference to the accompanying draw-
ings. FIG. 3 is a block diagram showing a laser interferometer
according to an embodiment of the present invention. As
shown, the laser interferometer comprises a power supply 2,
a wavelength-stabilized HeNe laser light source 3, connected
to power supply 2, for emitting a laser beam whose wave-
length is stabilized by wavelength stabilization control, and a
polarization maintaining fiber 4 for transmitting the laser
beam to an interference optical unit 1 to be described herein-
after.

[0042] When using this laser interferometer to measure the
accuracy of the NC machine tool previously described with
reference to FIGS. 1 and 2, interference optical unit 1 is
attached to the tip of machining tool section 92 which holds
and drives the machining tool in machine tool 91. Then, a
measuring reflective unit 171, by which a measuring beam L1
emitted in a first axis direction from interference optical unit
1 is reflected back to interference optical unit 1, a measuring
reflective unit 172, by which a measuring beam [.2 emitted in
a second axis direction is reflected back to interference opti-
cal unit 1, and a measuring reflective unit 173, by which a
measuring beam [3 emitted in a third axis direction is
reflected back to interference optical unit 1, are mounted on
workpiece table 93. Corner cubes are used advantageously as
the measuring reflective units 171 to 173.

[0043] The laser interferometer further comprises an opti-
cal-to-electrical converting unit 6 which converts four phase
interference signals shifted in phase by 90 degrees relative to
each other into four phase electrical signals by means of
photodetectors 7, the four phase interference signals being
produced by causing the measuring beams reflected by the
measuring reflective units 171 to 173 back to interference
optical unit 1 to interfere in interference optical unit 1 with a
reference beam to be described later.

[0044] The laser interferometer further includes a light
guide 5 which transmits the four phase interference signals
from interference optical unit 1 to optical-to-electrical con-
verting unit 6, a counter unit 8 which counts the changes in the
intensities of the four phase electrical signals output from
optical-to-electrical converting unit 6, and a computing unit
9, such as a personal computer, which computes length by
multiplying the count value by the wavelength.

[0045] FIG. 4 is a diagram showing the configuration of
optical interference unit 1 shown in FIG. 3. Optical interfer-
ence unit 1 comprises a collimator lens 21 which converts the
laser light emerging from polarization maintaining fiber 4
into a parallel beam of light, a first polarization beam splitter
22 which splits the parallel beam of light into second axis
beam [.2 that propagates in the second axis direction and a
beam Li that propagates in the first axis direction, a half-wave
plate 23 which rotates the polarization direction of beam Li
through 45 degrees, and a second polarization beam splitter
24 which splits beam Li passed through half-wave plate 23
into first axis beam L1 that propagates in the first axis direc-
tion and beam L3 that propagates in the third axis direction.
[0046] Optical interference unit 1 further comprises: a first
reference reflective unit 43 which moves into the light path of
second axis beam L2 and reflects the second axis beam inci-
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dent thereon back into the direction of incidence to produce a
reference beam when either first axis beam L1 or third axis
beam L3 is emitted as a measuring beam through a light exit
hole 11 or 13 formed in the housing 10 of optical interference
unit 1; a moving mechanism 44 for moving first reference
reflective unit 43; a second reference reflective unit 41 which
moves into the light path of first axis beam [.1 and reflects the
first axis beam incident thereon back into the direction of
incidence to produce a reference beam when second axis
beam L2 is emitted as a measuring beam through a light exit
hole 12; and a moving mechanism 42 for moving second
reference reflective unit 41. The reference reflective units 41
and 43 may each be constructed from a corner cube.

[0047] Here, when first axis beam L1 is reflected in the
reverse direction by measuring reflective unit 171 or second
reference reflective unit 41, the reflected beam again enters
second polarization beam splitter 24 and exits in the reverse
direction to the direction of beam Li, and likewise, when third
axis beam L3 is reflected in the reverse direction by the
measuring reflective unit 173 or the like, the reflected beam
also enters second polarization beam splitter 24 and exits in
the reverse direction to the direction of beam Li. Then, the
reflected beams produced by reflection of first axis beam L1
and third axis beam [.3 again enter first polarization beam
splitter 22.

[0048] On the other hand, when second axis beam [.2 is
reflected in the reverse direction by measuring reflective unit
172 or first reference reflective unit 43, the reflected beam
again enters first polarization beam splitter 22.

[0049] Optical interference unit 1 further includes a beam
selecting unit 50, 51 which selects one of the reflected beams,
produced by reflection of first axis beam [.1 and third axis
beam [.3 and caused to exit second polarization beam splitter
24 in the reverse direction to the direction of beam Li, as a
beam to be combined with the reflected beam of second axis
beam [.2 in first polarization beam splitter 22. In the embodi-
ment shown in FIG. 4, the beam selecting unit comprises a
half-wave plate 50 which rotates the polarization direction
(polarization plane) of the reflected beam through 90 degrees,
and a moving mechanism 51 capable of moving half-wave
plate 50 between a position located in the light path of the
reflected beam and a position that does not block the light
path.

[0050] Optical interference unit 1 further includes a
receiver unit 30 which receives a combined beam Lm pro-
duced by combining either the reflected beam of first axis
beam L1 or the reflected beam of third axis beam [.3 with the
reflected beam of second axis beam 1.2, and produces the four
phase interference signals shifted in phase by 90 degrees
relative to each other by causing the reflected beams to inter-
fere with each other.

[0051] Optical interference unit 1 further includes wedge
prisms 25 and 26 for adjusting the directions of second axis
beam [.2 and third axis beam .3 exiting through light exiting
holes 12 and 13 formed in housing 10.

[0052] FIG. 5 is a diagram showing the configuration of
receiver unit 30 shown in FIG. 4. In the figure, reference
numeral 31 is a half-wave plate which rotates the polarization
direction (polarization plane) of the combined beam L.m pro-
duced at first polarization beam splitter 22 through 45
degrees, 32 is a non-polarization beam splitter, 33 is a polar-
ization beam splitter, and 34 is a 45-degree right-angle prism.
Further, reference numeral 35 is a 45-degree right-angle
prism, 36 is a quarter-wave plate for introducing a 90-degree
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phase shift into either the component relating to the reflected
beam of second axis beam L2 contained in beam Lm or the
component relating to the reflected beam of first axis beam [.1
or third axis beam [.3 contained in beam L.m, 37 is a polar-
ization beam splitter, and 38 is a 45-degree right-angle prism.

[0053] The functions of these elements will be described
below with reference to FIG. 6 in conjunction with the opera-
tion of optical interference unit 1 when measuring the dis-
tance in the first axis direction.

[0054] FIG. 6 is a diagram for explaining the operation of
interference optical unit 1 when measuring the distance in the
first axis direction. The laser light emerging from polarization
maintaining fiber 5 is converted by collimator lens 21 into a
parallel beam of light propagating in the first axis direction.

[0055] Then, this laser beam is split by first polarization
beam splitter 22 into two parts, one of which is reflected in the
second axis direction at right angles to the direction of inci-
dence and emerges as second axis beam [.2 composed of S
polarization component, while the other part emerges as
beam Li composed of P polarization component propagating
in the same direction as the propagation direction of the
incident light. In the figure, double-headed arrows attached to
the optical axes of the beams designated by dashed lines
indicate the polarization directions of the respective beams.

[0056] After that, the polarization axis of the split beam Li
is rotated through 45 degrees as it passes through half-wave
plate 23. Beam Li is further split by second polarization beam
splitter 24 into two parts, one of which is transmitted through
second polarization beam splitter 24 and emerges as first axis
beam L1 composed of S polarization component propagating
in the first axis direction, while the other part is reflected by
second polarization beam splitter 24 and emerges as third axis
beam L3 composed of P polarization component propagating
in the third axis direction.

[0057] First axis beam L1 exits optical interference unit 1,
is reflected by measuring reflective unit 171 mounted on the
object to be measured, and returns to optical interference unit
1

[0058] On the other hand, third axis beam L3 reflected by
second polarization beam splitter 24 is passed through wedge
prism 26 and output as constantly emitted light. This wedge
prism 26 is provided to adjust the direction of third axis beam
L3 in order to ensure mutual orthogonality between the three
axes. It is desirable that the third axis direction in which the
laser light is constantly emitted be set so as to point to the
plumbline direction of the machine tool for safety reasons.

[0059] Thereflected beam of first axis beam [.1 reflected by
the measuring reflective unit 171 and returned with its posi-
tion displaced by a certain amount (for example, 10 mm) is
again passed through second polarization beam splitter 24.
Then, its polarization axis (polarization direction) is rotated
through 90 degrees as it passes through half-wave plate 50
positioned in its light path by the moving mechanism 51, and
the beam thus emerges as a P-polarized beam. As a result, the
beam passes through first polarization beam splitter 22, and
enters receiver unit 30 as a measuring beam.

[0060] Onthe other hand, second axis beam [.2 reflected by
first polarization beam splitter 22 is reflected by first refer-
ence reflective unit 43 positioned in its light path and returns
with its position displaced by a certain amount (for example,
10 mm); the returned beam is then reflected by first polariza-
tion beam splitter 22, and enters receiver unit 30 as a reference
beam.
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[0061] Turning back to FIG. 5, combined beam Lm pro-
duced by combining the reflected beam (measuring beam) of
first axis beam L1 and the reflected beam (reference beam) of
second axis beam [.2 at first polarization beam splitter 22
enters receiver unit 30. In this case, the measuring beam is
composed of P polarization component, and the reference
beam is composed of S polarization component.

[0062] As combined beam Lm passes through half-wave
plate 31, the polarization directions (polarization planes) of
both of the P and S polarization components are rotated
through 45 degrees, and the beam thus rotated enters non-
polarization beam splitter 32. The beam entering non-polar-
ization beam splitter 32 is split into two parts, one transmitted
therethrough and the other reflected, and the transmitted
beam enters polarization beam splitter 33 where it is further
split. The laser light split by polarization beam splitter 33
produces interference signals through interference between
the measuring beam and the reference beam. Here, the inter-
ference signal generated by reflection is generated as a signal
whose light/dark phase is shifted by 180 degrees with respect
to the interference signal generated by transmitting through
polarization beam splitter 33. The interference signal
reflected by polarization beam splitter 33 is further reflected
by 45-degree right-angle prism 34 and emerges in parallel to
the 0-degree interference signal.

[0063] On the other hand, combined beam L.m reflected by
non-polarization beam splitter 32 is reflected by 45-degree
right-angle prism 35, after which either the measuring beam
or the reference beam is shifted in phase by 90 degrees by the
action of quarter-wave plate 36. The resulting light then
enters polarization beam splitter 37 where interference sig-
nals are generated through interference between the measur-
ing beam and the reference beam.

[0064] The interference signal generated by reflection is
then generated as a signal whose light/dark phase is shifted by
180 degrees with respect to the interference signal generated
by transmitting through polarization beam splitter 37. How-
ever, since the phase is shifted by 90 degrees by quarter-wave
plate 36, the interference signal generated by transmitting
through polarization beam splitter 37 has a 90-degree phase
shift with respect to the 0-degree interference signal, and
likewise, the interference signal generated by reflection has a
270-degree phase shift.

[0065] The thus generated four phase interference signals
shifted in phase by 0 degree, 90 degrees, 180 degrees, and 270
degrees enter the light guide 5 shown in FIG. 4, and are
transmitted to optical-to-electrical converting unit 6. After
that, the four phase interference signals are converted by
optical-to-electrical converting unit 6 into four phase electri-
cal signals which are input to counter unit 8.

[0066] Counter unit 8 generates from the four phase signals
a difference signal between the 0-degree interference signal
and the 180-degree interference signal (0-degree interference
signal-180-degree interference signal) and a difference signal
between the 90-degree interference signal and the 270-degree
interference signal (90-degree interference signal-270-de-
gree interference signal). By so doing, the DC component
contained in each interference signal is eliminated while dou-
bling the signal amplitude, thereby eliminating errors, etc.
arising from variations in the amount of light. Furthermore,
by using the phase signals (0-degree interference signal-180-
degree interference signal) and (90-degree interference sig-
nal-270-degree interference signal) shifted in phase by 90
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degrees relative to each other, frequency dividing counting as
well as the discrimination of direction becomes possible.
[0067] Based on these phase signals (0-degree interference
signal-180-degree interference signal) and (90-degree inter-
ference signal-270-degree interference signal), the counter
unit 8 produces a count number which is converted by com-
puting unit 9 into a measured value.

[0068] FIG. 7 is a diagram explaining the operation of
optical interference unit 1 when measuring the distance in the
second axis direction. Compared with the arrangement of
FIG. 6 which concerns the case for making the measurement
in the first axis direction, reference reflective units 41 and 43
are moved by means of moving mechanisms 42 and 44,
respectively, in such a manner that first reference reflective
unit 43 is moved outside the light path of second axis beam
L2, while on the other hand, second reference reflective unit
41 is positioned in the light path of first axis beam L1.
[0069] The laser light emerging from polarization main-
taining fiber 5 is converted by collimator lens 21 into a par-
allel beam of light propagating in the first axis direction.
[0070] Then, this laser beam is split by first polarization
beam splitter 22 into two parts, one of which is reflected in the
second axis direction at right angles to the direction of inci-
dence and emerges as second axis beam [.2 composed of S
polarization component, while the other part emerges as
beam Li composed of P polarization component propagating
in the same direction as the propagation direction of the
incident light.

[0071] After that, the polarization axis of the split beam Li
is rotated through 45 degrees as it passes through half-wave
plate 23. Beam Li is further split by second polarization beam
splitter 24 into two parts, one of which is transmitted through
second polarization beam splitter 24 and emerges as first axis
beam L1 composed of S polarization component propagating
in the first axis direction, while the other part is reflected by
second polarization beam splitter 24 and emerges as third axis
beam L3 composed of P polarization component propagating
in the third axis direction.

[0072] First axis beam L1 is then reflected by second ref-
erence reflective unit 41 positioned on its optical axis, and
returns with its position displaced by a certain amount (for
example, 10 mm).

[0073] On the other hand, third axis beam [.3 is passed
through wedge prism 26 and output as constantly emitted
light.

[0074] The reflected beam of first axis beam L1 reflected
and returned from second reference reflective unit 41 is again
passed through second polarization beam splitter 24, and its
polarization axis is rotated through 90 degrees as it passes
through half-wave plate 50. As a result, the beam passes
through first polarization beam splitter 22, and enters receiver
unit 30 this time as a reference beam.

[0075] On the other hand, second axis beam [.2 separated
by reflection at first polarization beam splitter 22 does not
strike first reference reflective unit 43 that has been moved
outside the light path of beam [.2 by means of moving mecha-
nism 44, and exits optical interference unit 1 by passing
through wedge prism 25; the beam is then reflected by the
measuring reflective unit 172 mounted on the object to be
measured, returns with its position displaced by a certain
amount (for example, 10 mm), and is reflected by first polar-
ization beam splitter 22. The reflected beam enters receiver
unit 30 as a measuring beam.
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[0076] Then, in the same manner as when measuring the
distance in the first axis direction as described with reference
to FIGS. 5 and 6, receiver unit 30 generates four phase signals
through interference between the measuring beam and the
reference beam, and outputs them to light guide 5.

[0077] FIG. 8 is a diagram explaining the operation of
optical interference unit 1 when measuring the distance in the
third axis direction. Compared with the arrangement of FIG.
6 which concerns the case for making the measurement in the
first axis direction, second reference reflective unit 41 is
moved by means of moving mechanism 42, and second ref-
erence reflective unit 41 and first reference reflective unit 43
are positioned in the light paths of first axis beam L1 and
second axis beam [.2, respectively.

[0078] Further, the position of half-wave plate 50 is moved
by means of moving mechanism 51. As a result, half-wave
plate 50 is positioned outside the light path of the reflected
beam of first axis beam L1 passed through second polariza-
tion beam splitter 24 and propagating in the reverse direction
to the propagation direction of beam [i and the reflected beam
of third axis beam L3 reflected by second polarization beam
splitter 24 and propagating in the reverse direction to the
propagation direction of beam Li.

[0079] The laser light emerging from polarization main-
taining fiber 5 is converted by collimator lens 21 into a par-
allel beam of light propagating in the first axis direction.
[0080] Then, this laser beam is split by first polarization
beam splitter 22 into two parts, one of which is reflected in the
second axis direction at right angles to the direction of inci-
dence and emerges as second axis beam [.2 composed of S
polarization component, while the other part emerges as
beam Li composed of P polarization component propagating
in the same direction as the propagation direction of the
incident light.

[0081] After that, the polarization axis of the split beam Li
is rotated through 45 degrees as it passes through half-wave
plate 23.

[0082] Beam Liis further split by second polarization beam
splitter 24 into two parts, one of which is transmitted through
second polarization beam splitter 24 and emerges as first axis
beam L1 composed of S polarization component propagating
in the first axis direction, while the other part is reflected by
second polarization beam splitter 24 and emerges as third axis
beam L3 composed of P polarization component propagating
in the third axis direction. Then, first axis beam L1 is reflected
by second reference reflective unit 41 positioned on its optical
axis, and returns with its position displaced by a certain
amount (for example, 10 mm).

[0083] The reflected beam of first axis beam L1 reflected
and returned from second reference reflective unit 41 is again
passed through second polarization beam splitter 24. After
that, the reflected beam of first axis beam L1, which remains
as S-polarized light as it is not passed through half-wave plate
50, enters first polarization beam splitter 24 where it is
reflected so that it does not enter receiver unit 30.

[0084] On the other hand, third axis beam L3 reflected by
second polarization beam splitter 24 is passed through wedge
prism 26 and emerges as a measuring beam. Then, the beam
is reflected back by measuring reflective unit 173 provided for
measurement in the third axis, and is again reflected at second
polarization beam splitter 24.

[0085] Here, third axis beam L3 is not passed through half-
wave plate 50, but is introduced directly into first polarization
beam splitter 22; since third axis beam 1.3 is P-polarized light,
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it passes through first polarization beam splitter 22 and enters
receiver unit 30 as a measuring beam.

[0086] On the other hand, second axis beam [.2 separated
by reflection at first polarization beam splitter 22 is reflected
by first reference reflective unit 43, and returns with its posi-
tion displaced by a certain amount (for example, 10 mm); the
returned beam is then reflected by first polarization beam
splitter 22 and enters receiver unit 30 as a measuring beam.
[0087] Then, in the same manner as when measuring the
distance in the first axis direction as described with reference
to FIGS. 5 and 6, receiver unit 30 generates four phase signals
through interference between the measuring beam and the
reference beam, and outputs them to light guide 5.

[0088] In this way, in optical interference unit 1 according
to the embodiment of the present invention, to constantly emit
one axis beam (in this case, third axis beam [.3), the measur-
ing beam and the reference beam which are caused to inter-
fere with each other are generated from one laser beam by first
polarization beam splitter 22, and one beam (beam Li) sepa-
rated by first polarization beam splitter 22 is further split by
second polarization beam splitter 24 into two beams (first axis
beam L1 and third axis beam [.3) one of which is output as
constantly emitted light.

[0089] Inordertopreventthe two beams (first axis beam L1
and third axis beam [.3) separated by second polarization
beam splitter 24 from interfering with each other, beam
selecting unit 50, 51 is provided that selects the reflected
beam of only one of these two beams as the beam to be caused
to interfere with the reflected beam of the other beam (second
axis beam [.2) separated by first polarization beam splitter 22.
[0090] Referring to FIGS. 9 to 13, a description will be
given below of how the orthogonality between the three axes
is adjusted in optical interference unit 1. FIG. 9 is a diagram
for explaining how the orthogonality between the three axes
is adjusted using wedge prisms 25 and 26. As shown, second
axis beam [.2 is adjusted by two-element wedge prism 25, and
third axis beam [.3 by two-element wedge prism 26. Each of
these edge prisms 25 and 26 is constructed to be able to tilt the
beam in a desired direction within the cone shown in the
diagram by adjusting the two wedge prism elements accord-
ing to the wedge angle.

[0091] FIG.10is a diagram for explaining how the orthogo-
nality between first axis beam L1 and third axis beam L3 is
adjusted.

[0092] First, on an adjustment table 70 on which a plane
mirror 72 is mounted in a vertical position, optical interfer-
ence unit 1 is placed by orienting its first axis direction toward
plane mirror 72. Then, first axis beam L1 is emitted so that it
passes through a hole 71 provided between optical interfer-
ence unit 1 and plane mirror 72, and the beam whose diameter
is reduced by passing through hole 71 is reflected by plane
mirror 72. The reflected beam returns to hole 71.

[0093] Two-way tilt base 73 of plane mirror 72 is then
adjusted so that the position of the thus returned beam coin-
cides with the center position of hole 71. The reason that the
beam diameter is reduced by passing the beam through hole
71 is that the returning position can be checked with good
accuracy.

[0094] Next, third axis beam [.3 as constantly emitted light
is introduced into a penta prism 74 that is supported on a tilt
base 76 by adjusting its angle, and the propagation direction
of'the beam is bent precisely by 90 degrees so that the beam
emerges in a direction substantially parallel to the direction of
first axis beam L1.
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[0095] Further, the beam is passed through a hole 75 pro-
vided between penta prism 74 and plane mirror 72, and the
beam thus reduced in diameter is reflected by plane mirror 72
back to hole 75. Then, two-element wedge prism 26 is
adjusted so that the position of the returned beam coincides
with the center position of hole 75.

[0096] The orthogonality between first axis beam .1 and
third axis beam 3 is adjusted as described above; here, when
first axis beam is emitted, since third axis beam is emitted at
the same time, the position adjustment of first axis beam L1
returned to hole 71 and the position adjustment of third axis
beam L3 returned to hole 75 can be accomplished at the same
time; in this way, the orthogonality between the two axes can
be adjusted easily, compared with the case where the position
adjustment is made for one axis at a time.

[0097] FIG. 11 is a diagram explaining how the orthogo-
nality between second axis beam [.2 and third axis beam L3 is
adjusted.

[0098] First, optical interference unit 1 is placed on adjust-
ment table 70 by orienting its second axis direction toward
plane mirror 72.

[0099] Then, third axis beam L3 as constantly emitted light
is introduced into penta prism 74, and the propagation direc-
tion of the beam is bent precisely by 90 degrees so that the
beam emerges in a direction substantially parallel to the direc-
tion of second axis beam [.2. Further, the beam is passed
through hole 75, and the beam thus reduced in diameter is
reflected by plane mirror 72 back to hole 75. Then, two-way
tilt base 73 of plane mirror 72 is adjusted so that the position
of'the thus returned light coincides with the center position of
hole 75.

[0100] Next, second axis beam [.2 is emitted so that it
passes through hole 71, and the beam whose diameter is
reduced by passing through hole 71 is reflected by plane
mirror 72. The reflected beam returns to hole 71. Then, two-
element wedge prism 25 is adjusted so that the position of the
returned beam coincides with the center position of hole 71.

[0101] FIGS. 12 and 13 are diagrams explaining how the
orthogonality between first axis beam .1 and second axis
beam .2 is adjusted. As shown, optical interference unit 1 is
placed on adjustment table 70 by orienting its first axis direc-
tion toward plane mirror 72.

[0102] First, as shown in FIG. 12, first axis beam L1 is
emitted as an output beam, and beam L1 is passed through
hole 71 to reduce its diameter; the beam thus reduced in
diameter is reflected by plane mirror 72 back to hole 71. Then,
two-way tilt base 73 of plane mirror 72 is adjusted so that the
position of the thus returned light coincides with the center
position of hole 71.

[0103] Next, as shown in FIG. 13, the output beam is
switched to second axis beam L2, and beam 1.2 is introduced
into a penta prism 77 where the direction of the beam is bent
precisely by 90 degrees so that the beam emerges in a direc-
tion substantially parallel to the direction of first axis beam
L1. Further, the beam is passed through a hole 78, and the
beam thus reduced in diameter is reflected by plane mirror 72
back to hole 78. Then, wedge prism 25 is adjusted so that the
position of the thus returned light coincides with the center
position of hole 78.

[0104] Here, since neither first axis beam L1 nor second
axis beam L2 is constantly emitted light, the output beam is
switched between first axis beam L1 and second axis beam [.2
to adjust two-way tilt base 73 and wedge prism 25 in turn.
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[0105] FIG. 14 and FIGS. 15A to 15C are diagrams show-
ing alternative examples of the beam selecting unit shown in
FIG. 4.

[0106] Inoptical interference unit 1 shown in FIG. 4, beam
selecting unit 50, 51 has been employed that comprises half-
wave plate 50 which rotates the polarization direction of the
reflected beam through 90 degrees, and moving mechanism
51 capable of moving half-wave plate 50 between a position
located in the light path of the reflected beam and a position
that does not block the light path. However, the beam select-
ing unit is not limited to this particular configuration, but can
be implemented in various configurations such as shown in
FIG. 14 and FIGS. 15A to 15C, for example.

[0107] For example, in the configuration shown in FIG. 14,
the beam selecting unit is implemented using an electro-
optical device 52, such as a liquid crystal optical device, that
can be switched so as to rotate or not rotate the polarization
direction of the laser beam passing therethrough through 90
degree, depending on the voltage applied to it.

[0108] In the configuration shown in FIG. 15, the beam
splitter 22 is constructed as a non-polarization beam slitter,
and the beam splitter 24 as a polarization beam splitter, while
the beam selecting unit is constructed as a polarizer provided
in the light path of the reflected beam of first axis beam [.1 and
the reflected beam of third axis beam L3 both exiting the
beam splitter 24 in the reverse direction to the propagation
direction of beam Li. By changing the polarization direction
of'the polarizer by 90 degrees, the beam selecting unit allows
either the reflected beam of first axis beam L1 or the reflected
beam of third axis beam .3 to pass through the polarizer and
to enter beam splitter 22.

[0109] Here, a polarizer may be provided that polarizes
second axis beam L2 after reflection by non-polarization
beam splitter 22 so that depending on which of the reflected
beams of first axis beam L1 and third axis beam L3 is allowed
to enter beam splitter 22, the second axis beam emerging from
the polarizer has a polarization plane oriented at 90 degrees to
the polarization plane of the reflected beam entering beam
splitter 22.

[0110] More specifically, a polarizer may be provided that
polarizes second axis beam L2 so that, when combined beam
Lm is produced at non-polarization beam splitter 22 by com-
bining either the reflected beam of first axis beam L1 or the
reflected beam of third axis beam L3 with the reflected beam
of'second axis beam [.2 reflected by measuring reflective unit
172 or first reference reflective unit 43, the polarization plane
of'the component relating to the reflected beam of second axis
beam .2 contained in combined beam [.m is orthogonal to the
polarization plane of the component relating to either the
reflected beam of first axis beam L1 or the reflected beam of
third axis beam L3 contained in combined beam Lm.

[0111] Then, the polarization direction of the polarizer for
polarizing second axis beam [.2 is changed according to
which of the reflected beams of first axis beam L1 and third
axis beam L3, is allowed to enter beam splitter 22.

[0112] To achieve this, in the configuration shown in FIG.
15A, the beam selecting unit comprises two polarizers 60 and
61 whose polarization directions are oriented at 90 degrees to
each other, and a moving mechanism 62 for moving polarizer
60 or 61, whichever is selected, into the light path of the
reflected beam of first axis beam L1 and the reflected beam of
third axis beam [.3 exiting the polarization beam splitter 24.
[0113] To match the above configuration, the beam select-
ing unit further comprises two polarizers 63 and 64 whose
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polarization directions are oriented at 90 degrees to each
other, and a moving mechanism 65 for moving polarizers 63
and 64. Depending on which of the reflected beams of first
axis beam L1 and third axis beam L3, is allowed to enter
non-polarization beam splitter 22, moving mechanism 65
moves polarizer 63 or 64, whichever is appropriate, into the
light path of second axis beam 1.2 in order to polarize second
axis beam L2 in a direction orthogonal to the polarization
direction of the reflected beam allowed to enter beam splitter
22.

[0114] On the other hand, in the configuration shown in
FIG. 15B, the beam selecting unit is implemented as a rotat-
able polarizer 66 that is provided in the light path of the
reflected beam of first axis beam L1 and the reflected beam of
third axis beam [.3 exiting the polarization beam splitter 24.
Polarizer 66 is capable of changing its polarization direction
by rotating 90 degrees about the axis of the light path. To
match this configuration, a polarizer 97 capable of rotating 90
degrees about the axis of the light path of second axis beam [.2
may be provided in that light path. Depending on which of the
reflected beams of first axis beam L1 and third axis beam .3,
is allowed to enter non-polarization beam splitter 22, polar-
izer 97 is rotated so as to polarize second axis beam [.2 in a
direction orthogonal to the polarization direction of the
reflected beam allowed to enter beam splitter 22.

[0115] In the configuration shown in FIG. 15C, the beam
selecting unit is implemented as an electro-optical device 68,
such as a liquid crystal photoelectric device, that is provided
in the light path of the reflected beam of first axis beam [.1 and
the reflected beam of third axis beam 1.3 exiting the polariza-
tion beam splitter 24 and that is capable of changing its
polarization direction according to the applied voltage. To
match this configuration, an electro-optical device 69, such as
a liquid crystal photoelectric device, capable of changing its
polarization direction according to the applied voltage may
be provided in the light path of second axis beam [.2. Depend-
ing on which of the reflected beams of first axis beam .1 and
third axis beam [.3, is allowed to enter non-polarization beam
splitter 22, electro-optical device 69 is operated so as to
polarize second axis beam .2 in a direction orthogonal to the
polarization direction of the reflected beam allowed to enter
beam splitter 22.

[0116] The present invention can thus provide a laser inter-
ferometer that can easily adjust the orthogonality between the
three orthogonal axis directions.

[0117] The present invention is applicable to a laser dis-
tance measuring apparatus which splits a laser beam into two
parts, one directed to a reflective mirror (corner cube)
mounted on an object to be measured and the other to a fixed
reference corner cube, causes the two parts reflected back
from the respective corner cubes to interfere with each other,
and measures the distance of movement relative to the object
by counting the number of resulting interference fringes
which changes as the amount of the relative movement
changes. The invention is particularly applicable to a laser
distance measuring apparatus that measures errors in the
amount of movement in each moving axis direction of a
numerically controlled (NC) machine tool, as defined in ISO
230-2, JIS-B-6201-1990, etc.

[0118] While the preferred embodiments of the present
invention have been described in detail above, it should be
understood by those skilled in the art that various modifica-
tions and changes can be made by anyone skilled in the art,
and that all of such modifications and changes that come
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within the range and purpose of the present invention fall
within the scope of the present invention as defined by the
appended claims.

DESCRIPTION OF REFERENCE NUMERALS

[0119] 1...INTERFERENCE OPTICAL UNIT

[0120] 2...POWER SUPPLY

[0121] 3...LASERLIGHT SOURCE

[0122] 4 ...POLARIZATION MAINTAINING FIBER

[0123] 5...LIGHT GUIDE

[0124] 6 ... OPTICAL-TO-ELECTRICAL CONVERT-
ING UNI

[0125] 8...COUNTER

[0126] 9...COMPUTING UNIT

[0127] 22...FIRST POLARIZATION BEAM SPLITTER

[0128] 23,50... HALF-WAVE PLATE

[0129] 24 ...SECOND POLARIZATION BEAM SPLIT-
TER

[0130] 30...RECEIVER UNIT

[0131] 41 . .. SECOND REFERENCE REFLECTIVE
UNIT

[0132] 43...FIRST REFERENCE REFLECTIVE-UNIT

[0133] 171, 172, 173 . . . MEASURING REFLECTIVE
UNIT

[0134] L1...FIRST AXIS BEAM

[0135] L2...SECOND AXIS BEAM

[0136] L3 ...THIRD AXIS BEAM

1. A laser distance measuring apparatus which splits a laser
beam into a measuring beam directed to a measuring reflec-
tive unit and a reference beam, generates interference light
through interference between said measuring beam returned
by reflection and said reference beam, and measures the dis-
tance of movement relative to said measuring reflective unit
by counting changes in interference fringes formed by said
interference light, comprising:

a first beam splitter which splits said laser beam into a first

beam and a second beam;

a second beam splitter which splits said second beam into
a third beam and a fourth beam, and which causes
reflected beams, produced by reflection of said third and
fourth beams and incident from reverse directions to the
directions of said third and fourth beams, to exit in a
reverse direction to the direction of said second beam;

a first reference reflective unit which when either one of
said third and fourth beams is emitted as said measuring
beam, moves into a light path of said first beam and
reflects said first beam incident thereon into the direction
of incidence, thereby producing said reference beam;

a second reference reflective unit which, when said first
beam is emitted as said measuring beam, moves into a
light path of'said third beam and reflects said third beam
incident thereon into the direction of incidence, thereby
producing said reference beam;

a beam selecting unit which, from among said reflected
beams produced by reflection of said third and fourth
beams and caused to exit said second beam splitter in the
reverse direction to the direction of said second beam,
selects a beam to be combined in said first beam splitter
with a reflected beam produced by reflection of said first
beam and incident on said first beam splitter from a
reverse direction to the direction of said first beam; and

a light detecting unit which generates an electrical signal
that matches the interference fringes formed by the inter-
ference light that is generated through interference
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between said beam selected by said beam selecting unit
and said reflected beam produced by reflection of said
first beam, wherein

said first, third, and fourth beams are each emitted as said
measuring beam in a corresponding one of said three
axis directions and, of these beams, said fourth beam is
constantly emitted.

2. The laser distance measuring apparatus, which splits a
laser beam into a measuring beam directed to a measuring
reflective unit and a reference beam, generates interference
light through interference between said measuring beam
returned by reflection and said reference beam, and measures
the distance of movement relative to said measuring reflective
unit by counting changes in interference fringes formed by
said interference light, comprising:

a first beam splitter which splits said laser beam into a first

beam and a second beam;

a second beam splitter which splits said second beam into
a third beam and a fourth beam, and which causes
reflected beams, produced by reflection of said third and
fourth beams and incident from reverse directions to the
directions of said third and fourth beams, to exit in a
reverse direction to the direction of said second beam;

a first reference reflective unit which, when either one of
said third and fourth beams is emitted as said measuring
beam, moves into a light path of said first beam and
reflects said first beam incident thereon into the direction
of incidence, thereby producing said reference beam;

a second reference reflective unit which, when said first
beam is emitted as said measuring beam, moves into a
light path of said third beam and reflects said third beam
incident thereon into the direction of incidence, thereby
producing said reference beam;

a beam selecting unit which, from among said reflected
beams produced by reflection of said third and fourth
beams and caused to exit said second beam splitter in the
reverse direction to the direction of said second beam,
selects a beam to be combined in said first beam splitter
with a reflected beam produced by reflection of said first
beam and incident on said first beam splitter from a
reverse direction to the direction of said first beam; and

a light detecting unit which generates an electrical signal
that matches the interference fringes formed by the inter-
ference light that is generated through interference
between said beam selected by said beam selecting unit
and said reflected beam produced by reflection of said
first beam.
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3. The laser distance measuring apparatus as claimed in
claim 1 or 2, wherein

polarization beam splitters are provided as said first and

second beam splitters, and a first polarization adjusting
unit for rotating the direction of polarization of said
second beam through 45 degrees is provided between
said beam splitters and wherein

said beam selecting unit is constructed as a second polar-

ization adjusting unit that can be switched so that the
direction of polarization of each of said reflected beams
caused to exit said second beam splitter in the reverse
direction to the direction of said second beam is rotated
or not rotated through 90 degrees.

4. The laser distance measuring apparatus as claimed in
claim 3, wherein said second polarization adjusting unit com-
prises a half-wave plate movable between a position located
in a light path and a position that does not block said light
path.

5. The laser distance measuring apparatus as claimed in
claim 3, wherein said second polarization adjusting unit com-
prises an electro-optical device that can be switched so that
the laser beam passing therethrough is rotated or not rotated
through 90 degrees, depending on an applied voltage.

6. The laser distance measuring apparatus as claimed in
claim 1 or 2, wherein

said second beam splitter is a polarization beam splitter,

and

said beam selecting unit is a polarizing unit which is pro-

vided in the light path of said reflected beams produced
by reflection of said third and fourth beams and caused to
exit said second beam splitter in the reverse direction to
the direction of said second beam, and whose direction
of polarization is changed so as to allow only a selected
one of said reflected beams to pass therethrough.

7. The laser distance measuring apparatus as claimed in
claim 6, wherein said polarizing unit comprises a plurality of
polarizers having different directions of polarization and
movable one at a time, into said light path.

8. The laser distance measuring apparatus as claimed in
claim 6, wherein said polarizing unit comprises a polarizer
whose direction of polarization can be changed by rotating
about said light path as a rotation axis.

9. The laser distance measuring apparatus as claimed in
claim 6, wherein said polarizing unit comprises an electro-
optical device whose direction of polarization can be changed
according to an applied voltage.

10. (canceled)



